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Abstract 
The study was conducted in collaboration with the ECFC project of the F AO 
(BGD/97/017) in Cox's Bazar to develop a low cost solar tunnel dryer for the production 
of high quality marine dried fish. The study areas were Kutubdiaparn, Maheshkhali 
and Shahparirdip under Cox's Bazar district. Three different models of low cost solar 
dryer were constructed with locally available materials such as bamboo, wood, bamboo 
mat, hemp, canvas, wire, nails, rope, tin, polythene and net. Size of the dryers were: 
20x4x3 ft; 30x3x3 ft and 6Sx3x3 ft with the costs ofTk. 3060, 3530, 9600 for dryer 
1, 2 and 3, respectively having different models. The drying capacities were SO, 150, 500 
kg for dryer 1, 2 and 3 respectively. The average temperature range inside the dryers 
were 29-43 "C, 34-51 "C and 37-57 °C for dryer 1, 2 and 3 respectively as recorded at 8:30 
h to 16:30 h. The relative humidity were in the ranges of 22-42%, 27-39% and 24-41 % 
in dryer 1, 2 and 3 respectively. The fish samples used were Bombay duck, Silver Jew 
fish and Ribbon fish. The total drying time was in the range of 30-42, 28-38 and 24-34 
hours to reach the moisture content of 12.3-14.S, 11.8-14.3, and 11.6-14.l % in dryer 1, 2 
and 3 respectively. Among these three fish samples the drying was faster in Silver Jew 
fish followed by Bombay duck and Ribbon fish in all the three dryer. 
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Introduction 
Sun drying is one of the most important low-cost methods of fish preservation in 
Bangladesh. In many areas of the world drying is still principal means of preserving fish. 
The production of sun-dried products is increasing day by day because of its increasing 
acceptability by the people. In Bangladesh, about 20% of the artisanal catch is being sun 
dried and consumed in the domestic market (Coulter and Disney 1987). The physical 
and organoleptic qualities of most of the traditional sun dried products available in the 
market are not satisfactory for human consumption (Kamruzzaman 1992, Khan 1992 
and Saha 1999). There are frequent complaints from the consumers about the quality of 
the products and the major constraints associated with sun drying of fish are infestation 
of the products by the fly and insect larvae, contamination and spoilage during drying 
and storage. 
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In order to improve the food quality of the traditional dried products, a low cost 
solar tunnel dryer has been developed for both small- and large-scale processors to avoid 
infestation and wide spread contamination. The design of this dryer realizes the demand 
for higher drying capacity and better moisture removal. The production of good quality 
dried products largely depend on the appropriate temperature during drying and 
moisture content of the final product. 
A Hohenhejm type solar dryer developed in Germany in the early sixties were 
recently field tested in Bangladesh in order to assess its suitability in drying mangoes, 
pineapples and fish (Bala and Hossain 1998, Bala and Mondol 2001). The quality of the 
dried fish produced by the Hohenhdm type dryer was good in terms of organoleptic 
characteristics, infestations and contaminations, as it has been reported earlier by many 
authors (Ahmed et al. 1979, Islam 1982). But the cost of the dryer was extremely high 
for both large and small scale operations. A tunnel structure of about 60 feet long, that 
can dry a maximum of 150 kg fish at a time, required about Tk. 80,000/, which seems· to 
be very costly for competing with a traditional elevated rack in commercial K1Jla-based 
fish drying operation that can dry as large as 400 kg fish at a time within the identical 
time period, but costs Tk. 2000 only for construction. It is, therefore, felt very significant 
to minimize the cost of the solar dryer by improving the designs so that the coastal 
fishing community can afford and implement the solar drying techniques considering 
the common men's accessibility, operational suitability, output quality, commercial 
viability, economic sustainability and social acceptability. 
This paper reports the design, construction and installation of three different 
models of low cost solar tunnel dryer and selection of a suitable model of solar dryer for 
the production of high quality dried products. 
Materials and methods 
ConstrucHon of low cost solar tunnel dryers 
A Hohenheim type of solar tunnel dryer originally developed in the Department of 
Farm Power and Machinery at Bangladesh Agricultural University, Mymensingh, the 
design of which was modified and constructed at low-cost using locally available bamboo 
and wooden materials. These solar tunnel dryers are simple and useful for higher drying 
capacity. These dryers essentially consist of a flat plate air-heating collector and bamboo 
and wooden made tunnel dryer unit. Normally black surface is used as a collector. This 
is working on the principle that a black surface absorbs sun's energy far more effectively 
than any light coloured surface. The two sides of the dryer having small meshed net are 
open to provide the required airflow over the product to be dried. Both the collector and 
the drying unit are covered with transparent polythene. Solar radiation passes through 
the transparent cover and heat absorbs in the collector. The heated air from the collector 
passes over the product to absorb moisture. The direct solar radiation and heat radiation 
from the absorber raise the temperature in the dryer. Plates (1 - 3) shows the picture of 
three different model of dryers. The other differences on design and construction among 
these three models of dryer are given below: 
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1st model of low-cost solar dryer 
This is a simplified version of Hohenheim type dryer developed by the ECFC 
project (Nowshad, 2003). A corrugated iron sheet (tin) having black paint (10' length 
and 3, width) was used as a heat absorber and placed in one end of the drying unit 
normally at the side of direction of airflow which blow absorbed heat over the product to 
be dried. The products to be dried were placed in thin layer on a bamboo splitting net 
inside the tunnel dryer. The size of each dryer was 20x4x3 ft having drying capacity of 
50 kg of fishes. 
znd model of low-cost solar dryer 
A corrugated iron sheet (tin) having black paint (10' length and 3' width) was used 
as a solar collector and placed in one end of the drying unit normally at the side of 
direction of airflow which blow absorbed heat over the product to be dried. The 
products to be dried were placed in thin layer on chatai (bamboo mat) and also in 
hanging bar inside the tunnel dryer. The size of the each dryer was 30 x 3 x 3 ft having 
drying capacity of 150 kg of fishes. 
3rd model of low-cost solar dryer 
Hemp plant was usually used as an insulated material on the raised platform and 
black polythene as a heat collector was placed on them. To accelerate the wind flow 
through the tunnel wind diverter (canvas or tin made) was used at the side of direction 
of airflow which blows absorbed heat over the product to be dried. The products to be 
dried were placed in thin layer on a bamboo splitting net and also in hanging bar in the 
tunnel dryer. The size of a complete dryer was 65 x 3 x 3 ft having drying capacity of 500 
kg of fishes. This dryer was made with ten small units (6.5 x 3 x 3 ft). 
Installation and operation of dryers through community participation 
The three different models of low-cost solar dryer have been constructed and 
installed at Maheshkhali sadar, at Kutubdiapara of Cox's Bazar town and at 
Shahparirdip Island of Teknaf upazila under Cox's Bazar district. These areas are 
selected because of their commercial importance where large number of small to large-
scale processors is operating fish drying business. Besides large number of widow or 
distressed women work as a laborer. The source of quality and availability of raw 
materials are good. These villages are situated very near to the landing centres. 
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Plate 1. 1st model of dryer. Plate 2. 2nd model of dryer. 
Plate 3. 3rd model of dryer. 
A total of 6 dryers were constructed and mstalled at Maheskhali sadar, 5 at 
Kutubdiapara, and 3 at Shahparirdip. The drying activities started from the middle of 
October. Five to six member group target beneficiaries were formed in each location 
with poor fishermen and distressed women. The group members constructed each 
drying unit using low cost bamboo and wooden materials. 
Measurement of temperature and humidity 
After installation of three models of dryer, studies were conducted to evaluate the 
ranges of ambient temperatures and humidity inside the dryer and in atmosphere. The 
temperature and relative humidity inside the tunnels and in atmosphere at various 
locations were recorded from 8.30h to 16.30 h with or without using solar collectors 
during October 2003 and January 2004. The relative humidity of air inside the dryer and 
in atmosphere was determined using relative humidity meter recorded by a data logger. 
To measure the temperature at various locations of the collector and dryer, 
thermometers were installed at various points along the length and breadth of the solar 
tunnel dryer. 
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Determination of moisture content 
Moisture content was determined according to the methods given in AOAC (1980) 
with certain modifications as follows: 
Moisture content was determined by air drying of a given sample in a thermostat 
oven (Gallenkamp, HOTBOX, Model OVB-306) at 105°C for 24 hours until constant 
weight. 
Processing techniques of dried fish 
The processing step of solar tunnel dried products is given below : 
Collection of Raw Materials 
Initial Grading 
Dressing 
Splitting 
Washing in Fresh Water 
Solar Drying 
Grading 
Packing 
Fig. 1. The flow diagram of the processing steps of solar 
tunnel dried fish oroducts. 
Results and discussion 
Three different model oflow cost solar dryer were constructed with locally available 
materials. Table 1 shows the locally available materials and cost for construction of three 
different model of low cost solar dryer. The materials used in all three dryer are bamboo, 
wood, bamboo mat (chatai), hemp, canvas, wire, nails, rope, tin, paint, polythene, net, 
etc. The sizes of the dryer were: 20x4x3 ft, 30x3x3 ft and 65x3x3 ft with the cost of 
Tk. 3060, 3530 and 9600 for dryer 1, 2 and 3 respectively. The drying capacities were 50, 
150 and 500 kg of fish respectively. 
After installation of dryers, the temperature and relative humidity in atmosphere 
and inside the dryers at various locations were recorded from 8.30 h to 16.30 h having 
with fish and. without fish. The normal atmospheric ambient temperature was recorded 
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in the range of 24-3S "C from morning at 8:30 h to the afternoon at 16:30 h. During the 
same period the atmospheric ambient relative humidity recorded was in the range of 28-
60 %. On the other hand, the maximum temperature inside the dryers was recorded 
around S7"C at noon and minimum of 29°C in the morning at 8:30 h and the maximum 
relative humidity around SO% at afternoon and minimum of 18 % at noon. There was 
inverse relationship where temperature increased with increasing intensity of sunshine 
and humidity decreased as sunshine decreased. In total, it took 3-5 days for drying to 
reduce moisture level at about 16%. 
Table 1. Locally available materials and cost for construction of three model of low cost solar dryer 
Cost 1st model of dryer 2nd model of dryer 3rc1 model of dryer 
Materials per Amount Cost Amount Cost Amount Cost 
unit (Tk.) (Tic) (Tlz.) 
(Tk.) 
Big bamboo 120 7 840 4 480 15 1800 (moli bash) 
Bamboo 7 30 210 110 770 400 2800 (paiya bash) 
Wood 400 
Bamboo mat 80 5 400 (Chatai) 
Hemp plant 250 
Canvas 600 
Wire and nails 60 1 kg 60 1 kg 60 
Rope 50 80 300 
Tin (9, x 2.5, ) 150 2 300 2 300 
Paint, Brush 1 100 1 100 
Polythene 10 35 ft 350 35 ft 350 150 1500 
Net 50 1 50 50 50 
Transport cost 220 220 500 
Labour cost 120 4 480 6 720 15 1800 
Tomi cost 3060 3530 9600 
Changes in temperature and relative humidity inside the dryers without fish are 
shown in Figs. 2 & 3. There was a temperature variation in all the dryers recorded from 
8:30 h to 12:30 h. The temperature was low in dryer 1 in the morning from 8:30 h to 
9:30 hand 15:30 h to 16:30 h which was in the range of 29-33.5 °C. On the other hand, 
temperature was higher from 10:30 h to 14:30 h which was in the range of 38 - 40 °C. In 
case of dryer 2 & 3 higher temperature around 40 "C was recorded even at 8: 30 h, 
temperature increased until 12:30 h where temperature reached to around SO "C, after 
that the temperature declined gradually to 3S-37 °C at 16:30 h. 
The relative humidity was higher in dryer 1 compared to dryer 2 & 3 throughout 
day. At 8:30 h maximum humidity recorded in dryer 1 was 41 % which gradually 
decrease with the increasing temperature. The humidity again increased from 15:30 h 
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and maximum humidity of 48 % was recorded at 16:30 h. Incase of dryer 2 & 3 relative 
humidity was low at 8:30 h which was in the range of 31-32 %. The humidity in both 
dryer gradually decreases with the increasing temperature. 
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Fig. 2. Variation of temperature inside three models of solar tunnel dryer (without fish and with 
heat collector). 
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Fig. 3. Variation of humidity inside three models of solar tunnel dryer (without fish and with heat 
collector). 
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Temperature and relative humidity were recorded in solar dryers having fish 
samples inside the dryers (Figs. 4 & 5). The phenomena of changes in temperature and 
humidity are more or less similar to those observed inside the dryers 1.vithout fish. The 
temperature change in dryer 1 was in the range of 31-43 °C while in dryer 2 & 3, 
temperature changes were in the range of 35-41 °C and 38-57 °C respectively. The 
changes in relative humidity in dryer 1, 2 & 3 were in the range of 22-42 %, 27-39 % and 
24-41 % respectively. 
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Fig. 4. Variation of temperature inside three models of solar tunnel dryer (with fish and with heat collector). 
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Comparative feature of 3 different model of low cost solar tunnel dryers 
Table 2 shows the comparative feature on drying performance of three model of low 
cost solar dryer. The fish samples used were Bombay duck, Silver Jew fish and Ribbon 
fish. For dryer 1 temperature range was 29-43 °C, and the drying period varied from 30-
42 hours. The drying rate was faster at higher temperature and slower at lower 
temperature and the final moisture content was in the range of 12.3-14.5 %. For dryer 2 
temperatures range was 34-51 °C and drying period ranges from 28-38 hours to achieve 
thefinal moisture content 11.8-14.3 %. In dryer 3 temperatures range was from 37-57 "C 
and drying time varied from 24-34 hours to achieve the moisture content in the range of 
11.6-14.l %. There was no incidence of blowfly infestation in any dryer. 
The low temperature of 29-37 °C was mostly recorded in morning and afternoon. 
The temperature in most part of the day was above 40 °C. It is evident that there was no 
blow fly infestation at temperature above 40 °C. The another interesting feature was that 
when the moisture content of the fish muscle reduced to below 50 %, there was no or 
little blow fly infestation even at temperature around 30 °C. 
Table 2. Comparative feature on drying performance of three different model of low cost solar dryer 
Dried 
1st model of dryer 2°" model of dryer 3rd model or dryer 
fish Temp. Drying Final Temp. Drying Final Temp. Drying Fii;ial 
sample range time moisture range time moisture range time moisture (oC) (h) (%) (QC) (h) (%) (QC) (h) (%) 
Bombay 29 - 36 14.5 34- 32 14.3 37 - 28 14.1 
duck 43 51 57 
Silver 30 12.3 28 11.8 24 11.6 
jew fish 
Ribbon 42 12.8 38 12.4 34 12.1 
fish 
Among the three fish samples the drying was faster in Silver Jew fish followed by 
Bombay duck and Ribbon fish in all the three dryer. Reza (2001) and Mehbub (2004) 
found that the moisture content df the Silver Jew fish reached at about 16% after 38 
hours of sun drying at 40 - 45°C temperature range, 36 hours at 45-50°C and 32 hours at 
50-55°C. The changing pattern of moisture content of Bombay duck and Ribbon fish 
during drying process is more or less similar to that obtained in Silver Jew fish. 
Table 3 shows the comparative feature of three different model of low cost solar 
dryer. The major characteristic feature considered were cost, materials, installation, 
suitability, drying space, heat collector, insulation, temperature, air flow, drying ability, 
etc. All the dryers were low cost constructed from locally available materials and very 
easy to install. All the dryers are suitable for drying of small to large sized fish. In dryer 1 
only floor of tunnel has been used for drying with hanging arrangement. On the other 
hand, in dryer 2 & 3 both floor and hanging bar facilities were available for drying. The 
drying is faster in fish dried in hanging position due to large surface area and faster heat 
transfer. On the other hand, heat transfer is poor in dryer 1 when only fishes are dried as 
spreading on the floor of tunnel. In dryer I in general, heat absorbance and heat transfer 
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is poor compared to other two dryers. As a result, the maximum temperature of around 
45 "C can be raised in the dryer 1 whereas temperature can be raised around SO "C in 
dryer 2 and above 60 °C in dryer 3. Reza (2002) observed that among the temperature 
ranges for optimization, the products produced at 45-50 °C were found organoleptically 
excellent quality. 
Table 3. Comparative feature of three different model of low cost solar dryer 
Characteristics 
Cost 
Materials 
Installation 
Suitability 
Drying space 
Heat collector 
Insulation 
Temperature 
Airflow 
Drying ability 
/ 1st model of dryer 
Very low-cost 
Locally available 
materials 
Very easy to set 
Suitable for small fish to 
dry on the floor 
Only floor are used, no 
hanging arrangement 
Corrugated iron sheer 
(9'x2.5') 
Poor insulation and 
insufficient heat 
absorbent resulted low 
temp 
Low temperature 
(around 40°C) 
Little air flow 
Low 
2nd model of dryer 
Very low-cost 
Locally available 
materials 
Very easy to set 
Suitable for small as well 
as large fish 
Both floor & hanging 
bar could be used 
Corrugated iron sheer 
(9, X2.5 ') 
Poor insulation and 
insufficient heat 
absorbent resulted low 
temp 
Moderate temperature 
(around sooq 
Spacious 
mouth for 
flow 
High 
and large 
natural air 
3rd model of dryer 
Very low-cost 
Locally available 
materials 
Very easy to set & 
dismantled in the off-
season 
Suitable for small as well 
as large fish 
Both floor & hanging 
bar could be used 
Black coloured 
polythene en tire the 
tunnel 
Sufficiently insulated 
with hemp and 
sufficient heat absorbent 
resulted high 
temperature 
High temperature 
(above 60 OC) and 
controllable 
Diverted & accelerated 
air flow 
High 
There is a little airflow in dryer 1. On the other hand, air flow is higher in dryer 2 
and 3 due to larger space of mouth and inside of the dryer. In case of dryer 3, additional 
wind diverter is used to accelerate the more air flow. The result of the present study also 
indicated that during low wind flow the temperature in dryer 3 sometimes went to 70 "C 
due to use of black polythene in the entire drying area as heat collector and hemp as 
insulated materials. Since there is no control system except wind flow, the high 
temperature above 60 °C may cause case hardening which affects the quality of the dried 
fish. The case hardening '.is due to cooking of muscle and formation of gel which become 
elastic and hard after drying (Kamruzzaman 1992). 
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